In the 50 years since the first case report by Whipple (1907) , the British contribution to the subject of " intestinal lipodystrophy" consists of five communications, namely, those of Glynn and Rosenheim (1938) and of Vaux (1943) , in neither of which the condition was recognized, and the more recent reports of Avery Jones and Paulley (1949) , Christie and Galton (1952), and Paulley (1952) . All these papers are clinical in aspect, and due attention has been paid in them, and also in annotations in both the Lancet (1953) and the British Medical Joiurnal (1955 and 1957) , to the many bizarre features which constitute the syndrome. This, in its classical form, is a disease of insidious onset, affecting mainly male subjects of middle age. It is frequently associated with a multiple arthritis, severe steatorrhoea, and steady decline ending in death.
In contrast to this small number, there have been 28 case reports from America since 1950, of which 10 were diagnosed before death by laparotomy and mesenteric node biopsy, and five suspected on clinical grounds alone. Recognition of the disease during life has of late assumed added importance because of the emphasis on treatment in recent American articles (Jones, Benson, and Roque, 1953; Lepore, 1954; Wang, Janowitz, and Adlersberg, 1956 ) and also because the publication during the same period of several small series of cases (Hendrix, Black-Schaffer, Withers, and Handler, 1950; Russo, 1952; Casselman, Macrae, and Simmons, 1954; Puite and Tesluk, 1955) suggests that the condition may be more common than has hitherto been suspected.
The Present Study
The present paper is concerned with seven cases of the condition occurring in England: the main aetiological and clinical features of this group are summarized in Table I . The main pathological interest has always centred upon the jejunal mucosa and mesenteric lymph nodes, where the presence of macrophages containing Schiff-positive material is invariable, and essential for 1954) have recorded in very similar phraseology the finding of an " indefinite sarcoid-like picture," a presenting feature which was also found in Case 5 of the present series (Fig. 3) . The observation by Fisher and Whitman (1954) that the presenting histological picture was " too non-specific to be of diagnostic value" was to be later refuted by Puite and Tesluk (1955) , who found small clusters of the characteristic Schiffpositive macrophages in the substance of the sarcoid-like follicles. To explain this finding, which was also confirmed in Case 5 of the present series ( Fig. 3 ), these authors postulated that " some of the material must travel by way of the blood stream"; and there is additional support, both clinical and pathological, for the idea that the material is disseminated periodically by this route.
Thus, in Case 1 of the present series, endocardial vegetations were responsible for destruction of the aortic valve and the late development of classical aortic regurgitation; and vegetations, affecting equally the aortic, mitral, and tricuspid valves, are present in over one-third of the case reports. Except in the case of Upton (1952), these vegetations do not appear previously to have been examined microscopically, but in Case 7 of the present series small aggregations of Schiffpositive material were clearly demonstrable in the substance of the vegetation (Figs. 5 and 6), indicating not only spread by the blood stream but the possibility that this material had caused a predisposing valvulitis.
In similar manner, it is probable that the widespread lesions represent an inflammatory or " allergic" reaction to small amounts of the material, an idea which would be in keeping with the features of the prodromal period, which is characterized by acute exacerbations of protean symptoms alternating with long periods of freedom. The characteristic macrophages have been demonstrated in widespread sites-liver, spleen, retroperitoneal tissues-by Upton (1952) and also in Case 5 of the present series, where they were observed in the subpleural and subepicardial regions as well as in the retroperitoneal tissues. Careful search is necessary to demonstrate them, and they may be present more frequently than suspected. Jones et al. (quoted by Casselman) ; and that some impression appeared to be made upon the material after incubation with hyaluronidase.
Although the stored material has been characterized on several occasions, there has been no attempt to reproduce the characteristic histiocyte in the experimental animal, or to study the systemic effects of circulating mucopolysaccharide. The only authors whose experimental observations are quoted in connexion with Whipple's disease are Hass (1938) and Stryker (1941) , the former having studied the tissue reactions to natural oils and their derivatives, while the latter was concerned with the tracing and disposal of large quantities of liquid paraffin after ingestion. Both authors were working at a time when the basis of the condition was thought to be a disturbance of fat metabolism, but the lesions observed bear no more than a superficial resemblance to the characteristic appearances of Whipple's disease.
With the advent and use of specially refined "'dextran," the effects of circulating polysaccharides have been investigated by a number of authors (Goldenberg, Crane, and Popper, 1947;  Engstrand and Aberg, 1950; Persson, 1952; Friberg, Graf, and Aberg, 1953; and Wolman, 1956 ), but an examination of the tissue reactions to the mucopolysaccharide stored in Whipple's disease must await its specific identification.
However, due to the work of Meyer (1938) and Stacey (1943 Stacey ( , 1946 , a number of substitutes are available. The former included only hexosaminecontaining compounds, but Stacey included many other complex carbohydrates, which he divided into four main groups, viz., (a) containing hexosamine and uronic acid; (b) containing no uronic acid; (c) containing no hexosamine; and (d) without hexosamine or uronic acid residues. The first of these groups includes such substances as hyaluronic acid, heparin, chrondroitin sulphate and mucoitin sulphate (from gastric mucin), and since this latter material was readily available it was chosen for further experimental observation.
Materials and Methods
The pilot experiments were carried out on five rabbits and six mice: the solution used for injection in all instances was a 2% solution of hog's gastric mucin (National Biochemical Corporation, Cleveland, Ohio) in sterile saline.
The mice were used only for intraperitoneal investigation. One millilitre of the solution was injected into the peritoneal cavity of three mice and examinations made after two, four, and six days. A similar routine was followed after an initial injection of 2 ml. of liquid paraffin, which was designed to promote an active inflammatory exudate. Intraperitoneal injections of 2 ml. of the solution were also performed in one rabbit, at intervals of three days, for periods of two and three weeks.
Two millilitres of the solution were injected intradermally into the abdominal wall of one rabbit; the surrounding areas were examined microscopically at intervals of three and six days, and the site of injection was itself examined latterly.
Intravenous injections of 10 ml. of the solution were given in three rabbits daily over periods of two days, one week, and two weeks, and similar amounts were injected on alternate days over a period of three weeks.
From the animal subjected to intraperitoneal injection, the peritoneum and abdominal lymph nodes were examined microscopically. The skin and injection site were examined in the rabbit subjected to intradermal injection, and from those in which the solution had been given intravenously the heart and pericardium, the lungs and pleurae, liver, spleen, kidneys, peritoneum, and lymph nodes in both thorax and abdomen were examined histologically.
All the material was stained by haematoxylin and eosin, and the Hotchkiss modification of the periodicacid-Schiff stain (McManus, 1946 observed in the kidneys which were hyperaemic, and showed swelling of the glomeruli and epithelium of the proximal convoluted tubules. In the liver there was moderate periportal acute inflammatory infiltration, and the Kupffer cells were swollen and vacuolated, containing droplets of Schiff-positive material (Fig.  7) . Observations on those animals injected for periods of one to three weeks differed only in degree. The lymph nodes in both thorax and abdomen were enlarged: moderate amounts of Schiff-positive material were present, apparently lying free in the sinuses. The liver showed droplets of Schiff-positive material in both the Kupffer cells and the parenchymal cells. In the kidneys there were small amounts of the material in the capsular spaces and in the tubular epithelium, but in the animals subjected to intermittent dosage The lungs showed thickening of the pulmonary interstitial tissue, which was infiltrated by mononuclears and granulocytes, and there was considerable hyperplasia of the pulmonary lymphoid tissue. The spleen showed marked hyperplasia of the Malpighian corpuscles in the animal subjected to the longest administration, and the pulp contained large numbers of multinucleated giant cells with a vacuolated cytoplasm (Fig. 6 ) which was moderately Schiff-positive. The appearances resembled those described by Hueper (1942a and 1942b) (Whipple, 1907; Gaertner, 1938; Korsch, 1938; Escudero, Mosto, and Landabure, 1945; Reveno, 1950 ). An abnormal " excretion " of fat directly into the intestine or mesenteric lymphatics had been suggested to explain the steatorrhoea by two groups of authors (Reinhart and Wilson, 1939; Sailer and McGann, 1942) .
The many features of the fully developed picture can be explained on the basis of a wide-range " malabsorption" defect, but the advocates of the obstructive theory have found difficulty in explaining the observation of two authors (Whipple, 1907; Sailer and McGann, 1942) , which was confirmed in Case 1 of the present series, that the thoracic duct has been patent at necropsy. The possibility does exist, however, that the site of obstruction lies in the mucosa itself: probably the most constant observation at necropsy is the finding of large quantities of Schiff-positive material in the jejunal villi, which are themselves grossly thickened by the presence, not only of this material, but also by large, circular fat vacuoles.
The same aggregations may be responsible for the constant finding of occult blood in the stools and hypochromic anaemia, by initiating constant slight haemorrhage into the lumen of the intestine, and also for the appearances in the mesenteric lymph nodes by causing a partial degree of obstruction at that site.
While most students of the condition are in agreement upon the general character of this material, its source has never been determined. A number of observers (Black-Schaffer, 1949; Puite and Tesluk, 1955) regard the fundamental abnormality as being in the mucus secretion in the upper jejunum. It is noteworthy, however, that in all material examined in the present investigation, combined alcian blue and periodic-acidSchiff-staining shows what is apparently normal activity by the secreting epithelium, independent of the presence of the Schiff-positive granules which are quite sharply confined to the lamina propria of the mucosa and the underlying lacteals. This observation, together with the fact that incubation with hyaluronidase does appear to have some impression upon the material, suggests the possibility that the fundamental defect may lie in an alteration of the mucopolysaccharide ground-substance in this region. The idea of a genetic predisposition is strongly suggested by the constant age of onset, its great predominance in the male, and the fact that it has once been reported in brothers (Puite and Tesluk, 1955) .
In conclusion, despite the absence of experimental confirmation in this work, the most likely explanation of the exacerbations of prodromal symptoms and the lesions in the endocardium and serous membranes is that they represent an inflammatory response to small amounts of the material in the circulation over a considerable period of time. Summary There is some evidence that the fundamental defect in Whipple's disease may be an alteration in the mucopolysaccharide ground-substance of the jejunal mucosa. Another case is recorded in which the characteristic macrophages have been found in widespread sites, and also incorporated in endocardial vegetations.
These findings, together with the character of the prodromal symptoms, may indicate an intermittent systemic dissemination of the Schiff-positive materials, and an attempt has been made to study the systemic effects of a circulating mucopolysaccharide in the experimental animal.
Whilst the finding of the characteristic Schiffpositive macrophages in the mesenteric lymph 389 group.bmj.com on December 30, 2017 -Published by http://jcp.bmj.com/ Downloaded from nodes and jejunal mucosa is invariable and essential for diagnosis, the occurrence of these macrophages in peripheral lymph nodes, already noted, is confirmed. In this connexion, an indefinite " sarcoid-like" picture has been found sufficiently frequently to be suggestive in the correct context.
The severe steatorrhoea and " malabsorption " defects which often dominate the patients' final period in hospital are probably the result of excessive formation of the material causing obstruction at the mucosal site.
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